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Myocardial perfusion imaging (MPI) has been used in the detection and evaluation of ischemic heart disease for the past 40 years. Image interpretation is based on the identification of reversible and fixed perfusion deficit. However, several adjunctive markers have been suggested over the years to increase the diagnostic and prognostic value of the test, and improve the detection of extensive coronary artery disease (CAD). One of these ancillary markers has been referred to as transient ischemic dilation (TID) of the left ventricle (LV), which is detected as increased ventricular cavity size at stress compared to rest. The concept of TID was initially described by Stolzenberg in 1980 1 on planar stress-redistribution thallium scans, and further established by Weiss et al. in 1987 as a highly specific marker of severe multivessel CAD. 2 The pathophysiologic mechanism responsible for this phenomenon is probably comprised of several contributors. A generally accepted explanation is global subendocardial ischemia at stress. 3, 4 In the presence of extensive CAD, epicardial perfusion pressure is reduced at stress, whereas left ventricular enddiastolic pressure is elevated, resulting in subendocardial hypoperfusion and ischemia. At this condition, the uptake of radiotracer in the subendocardial region is markedly reduced, resulting in a thinner appearance of the LV wall and larger inner ventricular cavity compared to baseline condition. Using SPECT thalliumredistribution, Iskandrian et al. 3 demonstrated thinner ventricular wall and larger endocardial size at adenosine stress compared to redistribution images among 30% of patients with CAD, whereas only 6% of the patients had true ventricular dilation with increased epicardial volume.
Another mechanism which has been suggested to explain TID is post-stress stunning due to stress induced ischemia. 5, 6 According to this explanation, post-stress stunning results in end-systolic volume enlargement of the left ventricle. Since non-gated images used for TID calculation reflect summation of counts originating from the whole cardiac cycle, reduced post-stress ventricular contraction with larger end-systolic volume results in increased non-gated LV volume and increased TID ratio. Betesti et al. 5 demonstrated that post-stress LV dilation by gated SPECT reflected endocardial post-ischemic stunning with reduced ejection fraction and thickening score, and was associated with more severe clinical, angiographic, and perfusion parameters. Another investigation supporting this mechanism demonstrated LV dysfunction at stress echocardiography among patients with TID at MPI. 6 True LV dilation at stress with epicardial volume enlargement is apparently uncommon, and less likely to explain the occurrence of TID.
In the current issue of the journal, Alama et al. from Toronto, Canada, conducted a meta-analysis on the diagnostic performance of TID in the detection of severe and extensive CAD. The final quantitative meta-analysis was based on 13 studies comprising a total of 2037 patients, which evaluated the diagnostic value of TID, and reported results of coronary angiography, either invasive or CT-based. Definition of severe and extensive CAD varied within the studies, but most of them included severe angiographic proximal left anterior descending diameter stenosis of C 90% in their definition, and additional severe stenosis of any vessel, or any severe stenosis of two or three coronary arteries. Moderate-severe left main stenosis C 70% was also included in the definition of several studies. Only two studies were based on thallim-201 and used planar images for manual calculation of TID. Of the rest, most utilized Tc-99m, and only few were based on dual-isotope rest Tl-201/ stress Tc-99m or PET rubidium-82, all utilizing quantitative TID assessment. Most of the studies utilized quantitative software for objective calculation of TID. As expected, pooled data analysis demonstrated low sensitivity of 44% with a wide range of individual study sensitivity of 7% to 91%, and high specificity of 88%, ranging from 62% to 96%. Importantly, the threshold of TID ratio defining high risk of severe CAD varied from 1.12 to 1.38 within the studies, without distinct characteristics with respect to the isotope used, whether thallium-201 or technetium-99m. Interestingly, subgroup analysis based on the type of stress performed yielded higher diagnostic value with larger area under the ROC curve for exercise vs vasodilator stress (0.92 vs 0.78, respectively, p \ 0.001). A possible explanation for this observation might be a more frequent occurrence of true ischemia and post-stress stunning with LV end-systolic volume enlargement associated with exercise compared to vasodilator stress, but this mechanism has not been evaluated.
A chronological assessment of the studies included in the current meta-analysis reveals the evolution in the field of nuclear cardiology over the past four decades, which occurred in several domains ( Figure 1) . 2, [7] [8] [9] [10] [11] [12] [13] The exclusive use of thallium-201 has been replaced by Tc99m labeled radiotracers and dual-isotope protocols. Planar imaging systems were developed into SPECT systems, and SPECT systems were advanced from single head to dual-detector gamma cameras. Lately, solid state CZT systems emerged in clinical practice.
14 PET rubidium-82 MPI has been introduced as an alternative to SPECT MPI. 11 In addition, quantitative analysis of perfusion and function parameters has gained an important role, and became an integral part of MPI interpretation. The assessment of TID ratio has been changed in parallel to these global advances in nuclear cardiology: from thallium-201 to Tc-99m based radiotracers, from planar imaging to SPECT and PET technologies, and from manual area calculation to fully automatic 3-D assessment of LV chamber volume. Yet, TID remained a robust and important marker of highrisk scan, highly specific for severe multivessel CAD, across all imaging techniques, type of radio-isotopes and protocols used, and type of stress performed. It should be noted that although gated SPECT became the standard acquisition mode in MPI, and TID ratio could be derived from either gated end-diastolic or end-systolic stress-rest ratio, the non-gated TID ratio remained the clinically adjunctive parameter for prediction of extensive CAD. Xu et al. 12 demonstrated that the non-gated TID ratio identified severe CAD more efficiently than either end-diastolic or end-systolic TID ratios.
The current meta-analysis evaluated the TID ratio as an isolated parameter, without consideration of perfusion findings. However, in the clinical setting, TID is used as an adjunctive marker to perfusion findings, supporting the diagnosis of obstructive CAD, and assisting in identification of extensive disease. Using a CZT camera, Jameria el al.
14 demonstrated that TID ratio could be used as adjunctive marker to perfusion deficit, and is most effective among patients with ejection fraction C 50%. Xu et al. 12 demonstrated added diagnostic value of TID over perfusion alone. They show that TID ratio was more frequently elevated among patients with moderate-severe perfusion abnormality (total perfusion deficit C 10%) compared to patients with smaller perfusion deficit (\ 10%). Moreover, the combination of either severe perfusion deficit (C 10%) or mild perfusion deficit (3%-10%) ? elevated TID ratio (C 1.19) was associated with higher sensitivity for extensive CAD compared to perfusion deficit C 10% alone. Thus, increased TID ratio associated with mild perfusion deficit might suggest more extensive CAD than observed by perfusion findings. Data on the diagnostic value of abnormal TID ratio in an otherwise normal MPI is controversial. A recent study by Halligan et al. 15 evaluated 1553 patients who underwent both SPECT MPI and cardiac CT within 1 month. They compared 20 TIDpositive patients and 48 TID-negative matched patient population, and found no significant difference in the presence and extent of atherosclerosis, the degree of coronary artery stenosis, or the calcium score at cardiac CT. In contrast, Nakanishi et al. 16 found that abnormal TID ratio was a significant predictor of extensive CAD among patients with normal MPI who underwent invasive coronary angiography within 60 days.
The current study by Alama et al. also presents the results of systematic review on the prognostic value of TID. Unanimously, all eight studies included in the review demonstrated worse outcome among patients with abnormal compared to normal TID. Importantly, abnormal TID predicted higher event rate even among patients with normal or mildly abnormal perfusion, particularly among patients with diabetes mellitus. 17 In addition to TID, several imaging findings have been used as markers of extensive CAD. During the early 1980's increased post-stress lung uptake of thallium-201 on MPI has been shown to correlate with severe CAD and left ventricular dysfunction. 18 However, the abandon of thallium-201 and shift to Tc-99m radiotracers have put the lid on this previously helpful marker. Post-stress stunning with a decrease in ejection fraction and the appearance of new regional wall motion abnormality following exercise or pharmacologic stress has been shown as an important marker of severe CAD. 19, 20 In recent years, myocardial blood flow and flow reserve by positron emission tomography have been used to identify the extent of CAD. Using rubidium-82 positron emission tomography, Ziadi et al. demonstrated that myocardial flow reserve \ 2 provided added value to relative perfusion in predicting three vessel CAD, incremental over the summed stress score. CZT SPECT systems have also been used for assessment of coronary flow reserve and the extent of CAD. 21 Coronary artery calcium scoring is an important measure of the extent of atherosclerosis. Combining coronary calcium with MPI may improve identification of obstructive CAD. Several studies have demonstrated that very high calcium score ([ 1000) is frequently associated with more extensive obstructive CAD than seen by MPI. 22, 23 These measures, whether based on MPI itself like the TID, or require special technologies and expertise, improve the detection of high-risk obstructive CAD, and should be incorporated into nuclear testing and interpretation according to their availability.
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